This paper studies the e¤ect of social relations on the convergence to the e¢ cient equilibrium in a 2x2 coordination game. We employ a 2x2 factorial design in which we explore two di¤erent games with asymmetric payo¤s and two matching protocols: "friends" versus "strangers". In the …rst game payo¤s of the worse o¤ player are the same in the two equilibria, whereas in the second game, this player must sacri…ce her own payo¤ for achieving the e¢ cient equilibrium. Results show that "strangers" coordinate more frequently in the e¢ cient equilibrium than "friends" in both I am very grateful to Pablo Brañas-Garza, Ramón Cobo-Reyes and Giovanni Ponti for their constant support and interest in the project. I would like to thank
Introduction
There exists a growing interest on how group identity and social distance can in ‡uence subjects' behavior in di¤erent economic environments. In fact, in many laboratory experiments, participants can see each other before, during and after the experiment and may well be friends or acquaintances. Obviously, this physical and emotional proximity of the experimental subjects may a¤ect individuals' behavior. Group identity has been explored in the experimental literature in di¤erent ways. Some authors (Brown-Kruse and Hummels (1993), Cadsby and Maynes (1998) ) introduce a previous questionnaire where the information is shared with the rest of the subjects as to create a "sense of membership" among individuals in a group. Kirkwood and Solow (2002) run an experiment with groups comprised of members of an already-existing group-the Iowa Marching Band. They …nd that the higher the social identity, the higher are contributions in the Voluntary Contributions Mechanism. These studies, which use not only group belonging but also the architecture of relationships, indicate that altruism increases with "friendship". This paper uses recent experimental devices to elicit social networks to explore strategic situations which, as far as we know, have not been yet analyzed in the economic literature. Speci…cally, this paper tries to analyze the e¤ect of "friendship" in the outcome obtained in a coordination game.
In games with a unique Nash equilibrium, each player should have no di¢ -culty conjecturing his opponents'actual moves (from a theoretical perspective).
However, in games with multiple Nash equilibria, agents may have di¢ culty conjecturing the behavior of others. To solve this problem subjects require coordination. Miscoordination can lead to ine¢ ciencies that are hard to reverse.
Many approaches to the selection problem have been used. One approach is to look at features of equilibria and choose those that are desirable, for example those which are payo¤ dominant equilibrium (see Harsanyi and Selten, 1988) .
A second approach is to ask which equilibria are more likely to be reached by adaptation or evolution (see Fudenberg and Levine, 1998) . The third one tries to infer what selection principles players are using by putting them in experiments and observing what they do (see Van Huyck, Battalio and Beil, 1990 or Van Huyck, Battalio and Rankin, 1996) . This paper goes one step further in the analysis of coordination games in two di¤erent ways. On one side, we analyze how relations established by individuals in a social network may in ‡uence the sort of equilibrium subjects converge to, when e¢ ciency is confronted with equality (or self interest). On the other side, we study the e¤ect of the standard measures of social networks on the probability of playing the strategy which leads to the e¢ cient outcome.
To this aim, we propose a two step experiment. For the …rst step, we use the Brañas-Garza et al. (2006b, BCJP hereafter) mechanism to elicit the latent social network. Once the social connections are obtained, in a second step, a coordination game is conducted.
We explore two di¤erent games:
i) Players face a coordination game with two di¤erent equilibrium payo¤s.
The …rst one is e¢ cient but payo¤s of the row player are double than those of the column player. 4 The second equilibrium is egalitarian, that is, both players have the same payo¤s. This game states a trade-o¤ between an egalitarian and an e¢ cient outcome.
ii) As in coordination game i), in the second there is an e¢ cient equilibrium in which payo¤s of the row player are double than those of the column player.
However, in the second equilibrium, payo¤s of the column player are higher than those of the row player. Thus, the column player must sacri…ce her payo¤ to achieve the e¢ cient equilibrium.
The above literature on social networks and group identity illustrates the positive e¤ect of individual behavior on social "values"such as altruism, equity, fairness and so on, that is, other regarding preferences in positive aspects.
This paper adds two counterexamples of the above literature. Our results
show that:
i) Friends coordinate at the e¢ cient equilibrium in 60% of the cases, that is, a situation in which Player 2 accepts to earn half of Player 1 (his/her friend).
Surprisingly, strangers coordinate at this equilibrium in 100% of the cases.
ii) When subjects have the possibility to alternate in order to reduce inequality (in the second game since each player is better o¤ in a di¤erent equilibrium), friends miscoordinate in 46% of the cases, whereas strangers do only in 28% of cases.
One feasible explanation for these results is envy. It is sensitive to think that this factor is more important among peers than among strangers. To study if this reasoning is valid, we design an additional step in the experiment in which we obtain an envy index for each subject. Afterward, we develop an econometric analysis on the e¤ect of social networks measures, the envy index and some sociodemographic variables (obtained through a questionnaire after the experiment) on the achievement of the e¢ cient equilibrium. We …nd that most network measures are signi…cant. Those related to social integration as degree and betweenness a¤ect positively the e¢ ciency, while the e¤ect of clustering is negative. As regards envy, it has a negative and highly signi…cant e¤ect on e¢ -ciency. Moreover, this e¤ect is higher for "friends"than for "strangers". Finally, sociodemographic variables are overall not signi…cant.
The rest of the paper is organized as follows: section 2 describes the experimental design and research hypothesis. Results are presented in section 3.
Finally, section 4 concludes.
Experimental design
The experiment was conducted in three stages.
First stage: BCJP
In the …rst stage, subjects participate in the elicitation mechanism suggested by BCJP and revealed their friends. In this mechanism, subjects are invited to reveal their friends'names, together with a valuation (from 1 to 4) measuring the strength of the relationship. According to the mechanism, subjects are rewarded with a …xed price either a) if a randomly selected link is bidirectional and if the strengths corresponding to this link are su¢ ciently close or b) if they do not name anybody. In this step, experimental subjects did not know that they were going to play a new game after the elicitation (several days later).
Second stage: coordination games
In the second stage, subjects played a 2-player coordination game were the most salient feature was that we controlled the matching: friends versus strangers.
We designed two alternative payo¤ tables (see Figure 1) .
Game 2 subjects's payo¤s are equal, in equilibrium (U, L) subjects'payo¤s are unequal but the equilibrium is more e¢ cient. That is, the column player has to sacri…ce (at a zero cost) equity in order to obtain an e¢ cient outcome. However, in Treatment 2 (Game 2) the column player must sacri…ce her payo¤ to achieve the e¢ cient equilibrium. In this sense (and from column player's view), we may consider that (U, L) is a "costly" e¢ cient equilibrium in Treatment 2 but a "costless" e¢ cient equilibrium in Treatment 1.
The asymmetry of the games is due not only to the fact that there is only one e¢ cient equilibrium, but also because we avoid other features which may introduce some noise in the analysis of the results:
i) Risk dominant equilibria. 5 Some experimental results give evidence that players are in ‡uenced by the risk dominance characteristics of games. 6 Thus, the design of the experiment seeks to avoid the existence of risk dominant equilibria. 7 ii) Strategic uncertainty. We reduce this e¤ect by making that the maximum and minimum payo¤s players can obtain with each strategy do not di¤er in more than 1 experimental unit so, the problem of players choosing a particular strategy because they assure higher expected payo¤s practically disappears.
In all treatments, the roles for player 1 and 2 were randomly assigned and also, subjects were assigned randomly to a particular treatment (game 1 or 2).
There were 25 rounds in each treatment. Matching and the role of the player were …xed throughout the session. After each round, information about the strategy played by their partners, own payo¤s in the current round and own cumulative payo¤s was provided. At the end of the 25 rounds, payo¤s were computed and participants were paid in a private way.
For each treatment, six sessions were run in which participants were "friends"
(obtained with the above mechanism) and another six sessions with "strangers".
Information about the matching was provided at the beginning of the experiment. In the "friends" protocol, participants only know that they were playing with a …xed friend, but not which speci…c friend (see next subsection 2.2.1). No 5 We consider risk dominant equilibria in the sense of Harsanyi and Selten (1988) . 6 See for example Schmidt, Shupp, Walker and Ostrom (2003). 7 As a consequence, the only Nash equilibrium in mixed strategies for both games is , that is playing each strategy at random with equal probability, independently of the role of the player.
one was allowed to participate in more than one session. We conducted twelve sessions at the University of Granada with 14-18 participants per session. Subjects were recruited from a public call for voluntary participation. On average, each person earned 4 Euros for the …rst stage and 14 Euros for the second stage (one-hour session). Our experiment was programmed using the z-tree software (Fischbacher 2007 ). 8 
Matching
Using the map of social connections, subjects were matched for playing in the second stage according to the following rule. For the "friends" protocol, even groups of people who had named each other were matched together in pairs.
We try that most groups of friends (extracted from the previous elicitation mechanism) were at least composed of 4 people to avoid reciprocity after the experiment. The idea was that subjects were playing with a friend but they did not know which speci…c friend. They could only infer that the probability of being playing with one particular friend was 1 n 1 , where n is the number of components in the group of friends. However, this was not always possible (because we needed bidirectional links to avoid deception), so we had 12 subjects who knew exactly who was his/her pair. 9 For the "strangers" protocol, pairs were composed as follows. The …rst member of the pair was extracted from the two groups previously elicited in the …rst stage. The second member of the pair was randomly chosen from a di¤erent pool of students belonging to the School of Economics who had played the same elicitation mechanism (BCJP) several months before (for a di¤erent experiment) and also had signed up for the second phase of this experiment. In this way, we have the same (network) information of participants in both protocols. Moreover, all subjects have participated in (and therefore experienced) the same elicitation mechanism before playing the coordination game. For this protocol, also subjects who named at least 3 friends were chosen. In this way,
we avoid the problem of selection bias given that the distribution of number of friends named by participants in both protocols was similar. All participants where matched with a subject randomly chosen from the pool of participants not belonging to her network (the group of class). In sum, in the "strangers"
protocol, subjects (most of them had named at least 3 friends) played the game against another subject who was neither in her list of friends nor in her same class.
Third stage: envy and questionnaire

Envy game
This third stage was played six months after the coordination game. The experiment consist in 15 dictatorial binary decisions. Subjects had to choose between two di¤erent divisions of the money between themselves and another player in the experiment. To avoid confusion in the interpretation of the game, in-structions said explicitly that the division of the money was not made between friends. Pairs were formed by participants in the previous stage in the role of dictators and students recruited from a di¤erent faculty in the role of recipients.
There was no reversal role, that is, subjects only played as dictators.
The structure of dictatorial decisions was taken from Charness and Rabin (2002) . The idea was to analyze how envy could explain di¤erences in subjects' behavior in the proposed coordination game for the two di¤erent matching protocols (friends vs strangers). Charness and Rabin propose a battery of dictatorial decisions in order to measure social preferences. This third part of our experiment adapts Charness and Rabin's structure with the aim of obtaining subjects'level of envy.
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Next Figure 2 displays all dictatorial binary decisions. Dictator payo¤'s correspond to the second coordinate of each division vector. We consider a …xed division as a start point in which the dictator is worse o¤ than the recipient: (600, 400). This was always the …rst alternative for dictators. In the second alternative, dictators had the opportunity of obtaining more money than recipients (in relative terms), but they had to sacri…ce a positive amount to get it. In sum, the …rst division of the money was …xed and the second division was changing in two dimensions: the amount dictator had to sacri…ce (lost = 0,10, 20, 30, 40) and the di¤erence in payo¤s between dictators and recipients (25, 50, 75) . In all decisions we consider that choosing the second division of the money involves envy in the Fehr-Schmidt sense. Thus, the higher the number of times choosing the second possibility, the higher the players'level of envy. choices and knew that they would be paid according to the outcome generated by one or two of their choices selected at random.
On average, each participant earned 15 Euros for this stage. 1 1 There is a similar work of Charness&Grosskopf(2001) which studies "di¤erence aversion" and its in ‡uence on self-reported happiness with binary dictatorial decisions.
Questionnaire
The last part of the experiment was a questionnaire run immediately after the envy stage, in order to obtain information about personal issues, socioeconomic variables, cognitive abilities and risk aversion. The sociodemographic variables were age, wealth (measured as the available money per week subjects have), education level of the head of the household, rooms in the house, people living in the house and number of hours of work per week.
The cognitive part, was based on three questions extracted from the work developed by Frederick (2005) . We simply add the number of correct answers, in this way the cognitive index ranges from 0 to 3 for each individual.
Regarding the risk aversion part, we used the test introduced by Holt and Laury (2002) . They consider a menu of ten paired lotteries in which the …rst lottery (safe option) always assures a higher payo¤ than the second (risky option).
The dimension in which lotteries changed is the expected payo¤s. Although expected payo¤s are increasing in both lotteries, the di¤erence between the safe and the risky lottery is also increasing. Their results show that the majority of subjects are risk averse. We obtain a similar result.
Research hypothesis
Three main hypothesis are tested in this paper: Therefore, a natural question arises: does the cooperative (altruistic) behavior of subjects within their social network survive in competitive environments?.
Hypothesis 2: the achievement of the e¢ cient outcome when it is "costly"
for one of the players may be a¤ected by subjects relationships.
We explore the issue of coordination in situations where one of the subjects has to incur pecuniary sacri…ce for achieving the e¢ cient equilibrium. In this case, it is not so clear that players are going to play the e¢ cient equilibrium and therefore, results may be di¤erent. We test wether there is a di¤erence in behavior between friends and strangers in this situation. Recall that in Treatment 1, (D, R) is the egalitarian equilibrium and (U, L)
Costless e¢ cient equilibrium: Friendship e¤ect
is the e¢ cient one. The second and third column of Table 1 give a precise and clear idea: friendship matters. The most salient result is that only 60% of pairs of friends achieve the e¢ cient equilibrium (despite being costless for the column player) whereas the 100% of the pairs of strangers do it. This di¤erence between friends and strangers'behavior is statistically signi…cant with a Mann-Whitney test (z = 3:431; p value = 0:001) Thus, the existence of previous relationships among participants do not help to achieve the e¢ cient outcome.and therefore, Hypothesis 1 is supported.
It is remarkable that for 7% of the pairs of friends it was not possible to get any kind of coordination No any single pair of strangers fell in this sort of obstinacy. However, a Mann-Whitney test does not support this idea given that the di¤erence is not statistically signi…cant (z = 1:319; p value = 0:187).
Costly e¢ cient equilibrium: Friendship e¤ect
The three last columns of Table 1 Another salient feature of this setting is that friends miscoordinate more frequently than strangers do (47% versus 29%) but the di¤erence is not signi…cant, again using a Mann-Whitney test (z = 1:369; p value = 0:171). Thus, we may conclude that friendship does not erase (even increase) miscoordination.
The percentage of pairs coordinating in the ine¢ cient equilibrium is the same in both matching protocols. Results also show that the percentage of friends alternating equilibria is slightly higher than for strangers.
Costless versus costly e¢ cient equilibrium
We explore the role of the "price"of sacri…ce by merging data from both matching protocols (friends and strangers). This analysis is in line with the work of Andreoni and Miller (2002) in Dictator Games. The fourth column total (costless) in Table 1 contains aggregated (by matching protocol) data from Treatment 1 and the last column total (costly) for Treatment 2.
It is patent that costless helping enormously facilitates coordination at the e¢ cient outcome. Results are clear: There are very few pairs coordinating in the e¢ cient outcome in Treatment 2. Since in this treatment column players must sacri…ce own payo¤s to achieve e¢ ciency, this result is quite sensitive.
Di¤erences in behavior between the two treatments are highly signi…cant (z = 5:589; p value = 0:000).
This result is not very surprising. Subjects value the cost of their actions.
Note that our results, although in strategic settings, are analogous to the evidence on the relative price of altruism (see Andreoni and Miller (2002) ).
Regarding other kind of coordination, an evident fact is that alternation of The percentage of miscoordination is notably higher in Treatment 2. The di¤erences are signi…cant at a 1% level (z = 4:155; p value = 0:000). The con ‡ict in the "costly" treatment seems to be stronger than in the "costless" one.
Surprisingly, the coordination in the ine¢ cient equilibrium is similar in both treatments. This may be due to the fact that the percentage lost in coordination in the e¢ cient outcome in the costly treatment respect to the costless one, is shared between the ine¢ cient outcome and the alternation of the two equilibria.
To sum up, this paper gives evidence on how friendship may drive coordination. Our experiment provides two clear results. On one hand, friends are less prone to coordinate in the e¢ cient outcome than strangers do. On the other hand, friends are more prone to miscoordinate than strangers do.
One of the natural explanations we can give for these results is envy. We consider that envy has much more sense with acquaintances than in pure-stranger settings. In fact, interpersonal comparisons are more habitual among peers. We analyze this explanation in more detail in the next section, when we study how envy game results are related to e¢ ciency in the coordination game.
Group behavior
In this section we develop an econometric analysis from the point of view of the …xed pairs who played the coordination game.
We consider a Bivariate Probit Model 14 . Thus, we want to estimate the joint probability that a pair (row and column player) of subjects plays the e¢ cient equilibrium:
) is the decision taken by the row (column) player which takes the value 1 if the strategy chosen is U (L) and 0 otherwise and X i is a matrix which contains the set of independent variables. The two equations which determine the model may be speci…ed as follows. to estimate jointly the decision of both players in the e¢ cient equilibrium is as follows. The aim of this paper is to analyze how social networks in ‡uence e¢ ciency (measure as the sum of payo¤s) in coordination games. Only in the case that both players in the pair are playing the e¢ cient strategy, they reach the e¢ cient equilibrium. At the moment that one of the players decides to move from this e¢ cient strategy, the outcome is not e¢ cient. Instead of taking only two options, e¢ cient or not, we could establish a range of e¢ ciency in terms of the sum of payo¤s. We decided not to do so because we consider that, once a member of the pair is not playing the e¢ cient strategy, the fact that the sum of payo¤s is greater in some speci…c cell, is due to the structure of the game (not to e¢ ciency).
As explanatory variables we consider: the treatment, the matching protocol (friend vs stranger), clustering, betweenness, degree in and degree out, envy, risk aversion, wealth, education level of the family head, number of rooms per capita in players's house and cognitive abilities. We consider that interactions between the treatment and the matching protocol were interesting to analyze. 15 The set of variables related with social networks were obtained from the networks elicited in the …rst stage of the experiment. In what follows we brie ‡y described them. The clustering of a given node i is de…ned as the fraction of pairs of neighbors of i that are themselves neighbors. The rank of clustering is 1 5 The following variables are dummies: Treat j*Friend = 1 when the observation is from Treatment j and Friend matching protocol, j = 1; 2, Treat j*Stranger = 1 when the observation is from Treatment j and Stranger matching protocol, j = 1; 2. We dropped Treat 1*Stranger to avoid perfect multicollinearity. The last dummie, Column = 1 when the subject has the role of column player.
[0, 1]. The betweenness centrality of a node i is de…ned as the fraction of all shortest paths connecting any two nodes j and k which also pass through i from the set of all shortest paths connecting any two nodes j and k. Degree out (in) is the number of links sent (received) by a node. The last three colums of Table 2 correspond to the second equation, that is, the case in which the dependent variable is the column player decision (y C ). Note that the numbers in each cell are not marginal e¤ects but coe¢ cients.
18 Table 2 . Bivariate Probit regressions on the frequency of e¢ cient equilibrium (U,L).
Robust standard errors are in parentheses***, ** , and * indicate significance at.p=0.01, 0.05, and 0.10, respectively.
Dependent variable
Indep. vble For the econometric analysis we consider three di¤erent groups of independent variables due to the correlation among them. 19 Results in Table 2 show that the variable friend has a negative and statistically signi…cant e¤ect on the frequency of reaching the e¢ cient equilibrium when players are playing Treatment 1(e¢ cient versus egalitarian equilibrium).
This e¤ect is also negative and signi…cant when subjects are playing Treatment Clustering of an individual may be interpreted as the cohesiveness of the group of friends of that individual. One possible explanation for the negative e¤ect of clustering is that subjects who have a high percentage of friends which 0.4, we consider a regression in which all independent variables are signi…cant, including only one of the variables which may be correlated (for instance clustering_row). Then, we run a new regression adding the variable (degree in_row) which is possibly correlated with the …rst one. If the original variable (clustering_row) turns to be not signi…cant in the new regression, we deduce that those two variables are correlated.
are friends among them, must have a conciliatory and fair nature in order to mediate in con ‡icts. In this setting, the less con ‡ictive outcome is the one with more equal payo¤s, (D, R), so players with higher clustering will play in this way and be less e¢ cient.
The remainder network variables, degree out, degree in and betweenness, may be interpreted as social integration of an individual within the network.
Thus, we may conclude that social integration a¤ects positively e¢ ciency. The e¤ect of level of risk aversion of subjects (row and column) is not statistically signi…cant (except in one case in which the signi…cance is very weak).
We expected this result since we designed the payo¤ tables for strategic uncertainty to vanish. Results show that the way we controlled strategic uncertainty actually works.
Finally, the level of envy for both column and row players, plays a negative and signi…cant role on the frequency of playing the e¢ cient equilibrium. If we run a Chow test for comparing the e¤ect of envy on playing the e¢ cient equilibrium between friends and stranger, we …nd that we reject the null hypothesis of equality of marginal e¤ects ( 2 (1) = 0:09; p value = 0:381, one-sided test) for all regressions considered in Table 2 . 21 Thus, the explanation that envy is more important for friends than for strangers and it causes the e¢ cient equilibrium to be played more frequently for strangers than for friends is supported by the data.
Conclusions
Results show that pairs of strangers playing the game reach a more e¢ cient and Brañas et al. (2005) …nd that subjects strongly favor members of their experimental ingroup, our paper clearly contradicts this evidence.
Regarding social preferences, our results show that envy may be more signi…cant for "friends" than for "strangers". Therefore, this suggest that the well-known utility function by Fehr and Schmidt (1999) may be extended making the parameters which measure envy and guilty depending on the level of relationship with the other players involved in the game.
This work may be seen as an starting point for applying this methodological approach to more complex economic environments. To the best of our knowledge, no paper has analyzed the e¤ect of social networks on non-strategic 2 1 The p-value reported here is the minimum of the three regressions considered in Table 2. settings. On one hand, the structure of the network may play an important role on the e¢ ciency for instance. Thus, it will be interesting to study which is the e¤ect of social networks on the …nal outcome of classic strategic games such us
Prisoner's Dilemma, Ultimatum game, Public Good games and so on. On the other hand, standard results obtained in experiments may change if subjects play with friends or acquaintances (instead of strangers). The latter will be more appropriate for experiments involving social preferences.
Welcome to the experiment! This is an experiment to study how people solve decision problems.
Our goal is to see how people act on average; not what you, particularly, do.
Do not think, then, that we expect you to perform some concrete behavior.
But, on the other hand, take into account that your behavior will a¤ect the amount of money you will earn throughout the experiment.
This sheet contains the instructions explaining the way the experiment works.
Please do not converse with the other participants during the experiment. If you need any help, please, raise your hand and wait in silence. We will attend to you as soon as is possible.
The experiment is described as follows. In this experiment each of you will be divided randomly in groups of 2 people. There will be 2 types in this experiment: player 1 and player 2. You will be assigned one of these types randomly. You will not know who will be in your group either during or after the experiment.
The only information you have is that you will play with some of the persons you named in the previous experiment, but you do not know who this person is speci…cally.
You will play the game shown in the table below. In this game, Player 1
and Player 2 will choose separately which strategy A or B they prefer to play.
Both players will take their decisions simultaneously.
Each player makes points depending on how she played and how her partner -Your role will be …xed for all the experiment. Your role will be assigned randomly.
-You only know which is your role. You also know that your partner is one of the persons named in the previous experiment, but you do not know which speci…c person.
-In each round you must decide between strategy A or B.
-After each round you will be informed about your decision, your partner's decision, your payo¤s in this round and your total payo¤s.
-1 point = 10 eurocents -At the end of the experiment we will pay you according to the points obtained in all 25 rounds.
The experiment is described as follows. You have to decide which option you prefer between the two possibilities that will appear in the screen of your In this speci…c example Option 1 implies that you will get 400 points and your partner will receive 600 points. In Option 2, you obtain 375 points and your partner receives 250 points.
You will take this decision 15 times, with di¤erent options that will appear in your screen. From the 15 decisions we will pay you only for 4 decisions randomly chosen. That is, you will take 15 decisions, from those the computer will select 4 at random and you will be paid according to how you played in those particular situations.
The conversion rate is 100 points = 1 euro. If you have some questions, please raise your hand.
